Bacillus spp. are well known rhizosphere residents of many crops and usually show plant growth promoting (PGP) activities that include biocontrol capacity against some phytopatogenic fungi. Potato crops in the Andean Highlands of Peru face many nutritional and phytophatogenic problems that have a significant impact on production. In this context is important to investigate the natural presence of these microorganisms in the potato rhizosphere and propose a selective screening to find promising PGP strains.
INTRODUCTION
Potato is a staple crop in 130 countries worldwide, ranking fourth in production after rice, maize, and wheat. This Strains of the genus Bacillus are among the most commonly reported PGPR (7, 33 (14) .
MATERIALS AND METHODS

Bacillus strains
In vitro screening for antagonism
One pathogenic strain of Rhizoctonia solani and one of 
Correlation analysis
The correlation between the different plant growth promoting characteristics was determined by calculating
Pearson product moment correlation coefficients (36) . The correlations were considered significant if P < 0.05.
DNA techniques and phylogenetic analysis
Total DNA was extracted from liquid cultures with the GenomicPrep kit (Amersham) using the manufacturer' s instructions. BOX genomic fingerprints were generated as described by Versalovic et al. (32) . DNA fragments were separated in a 3% agarose gel, photograped after ethidium bromide staining, and the bands visually recorded. Different BOX profiles were assigned to strains having at least one different band. 16S rRNA genes were PCR amplified using primers fD1 and rD1 (35) 
RESULTS
Antagonistic activity
Forty three of the 63 Bacillus strains (68%) isolated from potato rhizosphere (6) were able to reduce the growth of R.
solani with percentages of inhibition ranging from 69% to 91% (Table 1) . Thirty nine of the 43 antagonistic strains (91%) were also able to control the growth of F. solani with percentages of inhibition ranging from 56% to 86% ( between any pair of plant growth promoting activities except for a slight negative correlation between phosphate solubilization and the antagonism against F. solani (r = -0.39, P = 0.0105). We did not find any relationship between the plant growth promoting abilities of the strains and their geographical origin.
Phylogenetic affiliation
Eight strains showing antagonism against both fungi were randomly chosen from each geographical region to be subjected to phylogenetic analysis. Two non-antagonistic strains (Bac3M2 and Bac3M7) were also included. Genomic fingerprinting of these 18 strains revealed eight distinct BOX profiles (Table 1) . Eight strains representing seven of the BOX profiles were selected for 16S rRNA gene sequencing. The phylogram presented in Fig. 1 showed that the potato strains belonged to the 'B. subtilis group' phylogenetic branch (34).
The Bac17M11 strain occupied an independent position indicating that it belong to a not yet described Bacillus species, while the remaining strains were intermingled with B.
amyloliquefaciens, indicating that they belong to this species.
The non-antagonistic strains were closely related to the antagonistic strains by BOX fingerprinting ( In other studies where a collection of Bacillus strains has been challenged against R. solani, only 9.5 to 36% were antagonistic to this pathogen (9, 20) . In vitro antagonism towards R. solani has been previously found in Bacillus spp.
isolated from several sources (9, 10, 19, 20, 24) , including potato rhizosphere (5) . The reported growth inhibitions are generally lower than those obtained here, ranging from 28 to 74% (19) (20) (21) 24) . In contrast to the ample literature involving R. solani, only in few studies Bacillus spp. has been challenged against F. solani (10, 19, 29) . The behavior reported ranged from no inhibition (29) to 10-64% growth reduction (10, 19) .
A relatively wide range of antagonistic performances among Bacillus strains was observed here and has also been noted in other studies involving the same or different fungi (16) . Several mechanisms have been proposed to explain the inhibition of fungal pathogens by Bacillus spp., including production of antimicrobials, secretion of hydrolytic enzymes, competition for nutrients, or a combination of mechanisms (7) .
Given that more than one mechanism may be involved, a complex response with a range of antagonistic effects among Bacillus strains and distinct responses by different pathogens could be expected as was observed here.
The capacity to produce phytohormones, like auxins, is a desirable characteristic of a PGPR (33) . Several species of Bacillus have been reported to produce auxins. Idris et al. (15) have shown that mutants of B. amyloliquefaciens FZB42 with diminished levels of IAA production were less efficient in promoting plant growth. Although low IAA production scores were assigned to the majority of our strains, it has been shown that even low concentrations can induce an increase in the radical length and the number of secondary roots, and not always high concentrations results in a better growth promotion (27) .
Several microorganisms are able to make insoluble soil phosphorous available to plants by solubilizing mineral phosphates through the production of organic acids or phosphatases. Pseudomonas and Azotobacter are two of the most reported phosphate solubilization genera; however Bacillus strains also have this capacity (8, 22, 33) . The phosphate solubilization abilities of our strains were similar to those reported for other Bacillus tested under similar assay conditions (8, 22) .
Some of the strains characterized by BOX fingerprinting and 16S rRNA gene phylogeny seemed to belong to a novel Bacillus species but the majority of the strains were ascribed to B. amyloliquefaciens, a species with several reported PGPR representatives like FZB24. Reva et al. (25) proposed the existence of two ecotypes within B. amyloliquefaciens, one including the type strain and other including strains that seems to be well adapted to plant colonization. Interestingly, the B.
amyloliquefaciens strains isolated here formed a subcluster separated from the type strain (Fig. 1) , that subcluster may correspond to the plant-associated ecotype proposed by Reva et al. (25) . It is worth to note that strains belonging to B.
amyloliquefaciens are considered safe for use in biotechnological applications.
The results obtained indicate that the rhizosphere of potato is a rich source of potential PGPR strains of Bacillus. Some of the strains isolated here are currently being tested for plant growth promoting effects on potato in greenhouse experiments.
